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(54) Method for publishing numerical data in a computer network and method for representing 
numerical data items in an application object 



(57) In a method for publishing numerical data in a 
computer network, a numerical data server offers a plu- 
rality of numerical data items which can be obtained 
through the network. A unique address (UA) is assigned 
to each data item, which provides a hyperlink with the 
numerical data server. Instead of the numerical data 
items the UA is distributed through the network. In an 



application object, such as a web page, a document, a 
database, a spreadsheet orthe like, in a computer which 
can be connected to a computer network, a numerical 
data item is represented by a hyperlink to a numerical 
data server. A server or client is adapted to retrieve the 
associated numerical data item from the numerical data 
server through the network when using the application 
object. 
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Description 

[0001] The invention relates to a method for.publish- 
ing numerical data in a computer network, wherein a nu- 
merical data server offers a plurality of numerical data 
items which can be obtained through the network. The 
invention further relates to a method for representing nu- 
merical data items in an application, object, such as a 
web page, a document, a database, a spreadsheet or 
the like, in a computer which can be connected to a com- 
puter network, the network comprising a plurality of 
servers and clients, at least one of the servers operating 
as a numerical data server. 

[0002] A well-known global network of computers is 
the Internet, wherein the computers communicate 
through the standard TCP/IP protocol. The World Wide 
Web (WWW) is the driving force behind the exponential 
growth of the Internet. Generally., the computers at the 
users side are known as "clients", while other.computers 
in the network, such as computers providing web pages, 
computers connecting the clients to the network, are . 
known as "servers", for example web servers, proxy 
servers etc. The Internet technology is also applied with- 
in corporate environments, in which case the network is 
known as intranet. Corporations having their intranet 
can extend subsets of their corporate data to the outside . 
world through the corporate extranet. The standard for 
the representation of textual data is the Hyper Text 
Markup Language (HTML). The related Hyper Text 
Transmission Protocol (HTTP) has become the WWW's 
communication standard. The exponential growth of all 
these interconnected networks has created some prob- 
lems regarding the content available , on the network. 
One of these problems is that there is no guarantee that 
numerical data embedded in the content, such as a web 
page, is accurate or consistent in all copies of the same 
content existing, throughout the network. 
[0003] The present invention aims to provide a meth- 
od of the above-mentioned type, wherein it is guaran- 
teed that numerical data in a computer network is al- 
ways accurate and consistent in any of the. computers 
connected to the network. 

[0004] According to the invention a method for pub- ; 
lishing numerical data in a computer network of the 
above-mentioned type is provided, characterized in that 
a unique address (UA) .is assigned to each data item, 
said UA providing a hyperlink to the numerical data serv- 
er, wherein the UA is distributed through the network. 
[0005] In the method of. the invention a numerical data 
item is represented by a unique address, wherein this 
address is embedded in the content in which the numer- 
ical data item is used. If, for example at a client the con- 
tent is rendered, for example by means of a browser, 
the unique address is used by the browser to obtain the 
numerical data item from the numerical data server. In 
this manner it is guaranteed that the numerical data item 
displayed or used in another manner, is accurate and 
consistent in any application object In which the numer- 



ical data item is used. 

[0006] The invention further provides a method for 
representing numerical data items in an application ob- 
ject of the above-mentioned type, the method according 

5 to the invention. being characterized in that a numerical 
data item is represented by a hyperlink to a numerical 
data server, wherein a server or client is adapted to ob- 
tain the associated numerical data item from the numer- 
ical data server through the network when opening the 

10 application object. 

[0007] The invention will be further explained by ref- 
erence to the drawings. 

[0008J Fig. 1 schematically shows a computer net- 
work, in which an embodiment of the'methods of the in- 
?5 vention is implemented. 

[0009] Fig. 2 shows a diagram illustrating the method 
of the invention. 

[0010] Fig. 1 schematically shows a part of a global 
computer network. Fig. 1 further comprises ah explana- 

20 tion Of the symbols used. The network comprises a plu- 
rality of web servers 1, a numerical data server 2 and 
two proxy servers 3,4. The proxy server 4 is located at 
an Internet service provider and a number of clients 5 
are. connected to this proxy server 4. The proxy server 

25 3 is part of a corporate intranet 6 schematically indicated 
by a dashed line and a number of clients 7 are included 
in the corporate intranet 6 and communicate with the 
proxy server 3. 

[0011] The numerical data server 2 publishes numer- 

30 ical data items which can be obtained throughout the 
. network and any intranet 6 connected to the network. In 
the prior art the numerical data item itself is embedded 
in the web content, such as a web page and in this man- 
ner a number of copies of the web content with the data 

35 item may exist. In the prior art it is impossible to guar- 
antee that the numericaldata item in the web content is 
up-to-date' In the method of the invention, instead of 
embedding the data item itself in a web page, a unique 
address UA providing a hyperlink is embedded in the 

40 web pages where the numerical data item involved is 
used. This unique address U A is composed of a service 
identification, a server name, optionally a directory path 
. and. the name of the data item. The structure of this 
unique address is mainly the same as a unique resource 

45 . locator (URL) or more generally a unique resource 
name (URN). Hereinafter the numerical data item will 
be referred to as hypernumber, a trade name of the ap- 
plicant. The hypernumber UA is schematically indicated 
in fig. 1 and provides a link to the hypernumber server 

so 2 as indicated by the dashed arrows, in fig. 1 only one 
hypernumber is shown by way of example.- It will be clear 
that generally a hypernumber server wili publish many 
hypernumbers. 

[0012] This means that the 'hypernumber is ad- 
55 dressed through its UA that comprises access methods 
like Uniform Resource Locator (URL). Uniform Re- 
source Name (URN), and any possible future address- 
ing and naming schemes. The UA combines unique 
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names for transportation protocol, server, directory, and 
resource in the following manner: 

hntp://server/directory/resource[index] 
The resource name can have an optional suffix \hn\ The 
term 'hntp'.stands for Hypernumber Transmission Pro- 
tocol. The term '[index]' specifies the hypernumber in- 
dex and is optional as will be explained hereinafter. 
Standardisation of the hypernumber access method is 
extremely important to achieve global ubiquity and wide 
distribution. 

[0013] As only the hypernumber UA is distributed 
through the network as shown in fig. 1, it is guaranteed 
that in any application object in which the hypernumber 
is used. i.e. in web pages, documents, spreadsheets.' 
data bases or the like, the actual numerical data item 
used will always be up-to-date with its latest.Value. 
[0014] . If, for example, the file is rendered by a browser 
the actual value of the hypernumber will be obtained via 
the network from the. server 2 or a proxy server 3,4 
where the hypernumber is cached. Fig. 2 shows as an 
example three web servers having a web page in which 
a hypernumber N1 is embedded. If the web page is 
cached in the web server, generally both the hyperlink 
and the actual value of the hypernumber will be cached. 
When the web page is used, the hyperlink embedded in 
the web page provides the address where the actual val- 
ue can be obtained as indicated by the arrows. 
[0015] According to the method described, a time in- 
dex can be added to the hypernumber UA, which time 
, index fixes the hypernumber in time. The time index is 
an optional integrated part of the hypernumber UA and 
. can have different representations. The full base repre- 
sentation is [DD/MM/YYYY. hh:mm:ss', zone]'. In this 
representation DD/MM/YYYY represents the date, hh: 
mm:ss represents the time of the day and zone repre- 
sents the time-zone. Of course, other representations 
of the time index are.possible. 

[0016], As a general explanation of indexing it is noted 
that in this context indexing relates to time Indexing of 
volatile. numerical data Mt£jms .or object^ ..that change 
their value over time. Depending ph the application of 
the data item one needs either 'its most up-to-date value 

-or its historic value at a certain moment of time. The in- 
dex evaluates to one or more moments in time. The in- 
dex evaluates to , moments in the past, moment in the 

, p rese nt morne nfs in . the . f u tu re , . or, any corn b i n ati o n of 
these. An ino'ex.is default. represented Jn" the local time 
of the object publisher. Jt can also be .represented in 
GMT or any other time-zonethrough its zone sub-index. 
In order to. synchronise pubjisber.and ppnsumer the in- 

. dex semantics have been designed to allow for loose 
synchronisation. This entails that consumers don't have 
to know the exact moment of object publication in order 
to be able to correctly index the object and retrieve it. 
/The matching semantics are such that a consumer 
makes a request for the publisher's most up-to-date val- 
ue at the consumer's specified moment of time. Depend- 
ing on the frequency of publication this could be any 



number of seconds, minutes, hours, days, months, or 
even years before the consumer's indicated instance of 
time. These semantics allow for consumer/publisher 
time synchronisation over a global computer network 
5 like e.g. the World Wide Web. Generally the following 
index possibilities exist: 

No Index: Most up-to-date value of the object. Index re- 
evaluates to new time index value when objects lifetime 
expires. Empty index [] is equivalent to specifying no in- 
fo dex. 

Precise Index: The sub-indices are specified to the ex- 
tent that the denoted time interval leads to one instance 
of a hypernumber value. This value is called a historic 
value and remains constant overtime. The required pre- 

•15 cision of the index in terms of required sub-index reso- 
' lution depends on the object's publishing frequency. 
This frequency directly relates to the object's lifetime. 
Partial Index: The sub-indices are specified to the extent 
that the denoted index leads to more instances of time. 

20 At any moment of time the most recent instant of time 
that matches the partial index is taken as partial index 
value. This can be constant because it matches in the 
past, or it can be variable because it matches in the 
present. For example: 

25 index [20//Wa/Y1960] evaluates to index [20/Mar/1 960. 
24:00] because that is the most up-to-date value for that 
day, but index [20/Marf] will evaluate to - 

(1) most up-to-date instance of [20/Mar/1 999] on 
30 ' March 20th 1999, • < : " 

(2) [20/A/far/1999, 24:00] during March*-21st 1999 
until and including March 19th 2000, 

5 (3) most up-to-date instance of [20/A/far/2000] on 
March 20th 2000, 
35 (4) [20/Mar/2000, 24:00] during March' 21st 2000 

until and including March 19th 2001. 
(5) and this continues likewise for 2001 ,2002. and 
further. - • • . 

40' Numbered fndex: One or more sub-indices contain 
' numbers denoting year, month of year, day of month, 
hour of day, minute of hour, second of minute, or time 
offset from GMT. 

Svmbolic'lndex: One or more sub-indices contain sym- 
45 bolic names to identify certain sub-index numbers. Ex- 
ample are: Jan, Feb. Mar, .., Dec for the month-of-year 
sub-index, or WET for the Western European Time- 
zone. This makes the sub-index more verbose. 
Ranged Index: One or more sub-indices contains an ex- 

so pressioh x-y denoting a range of values x, x+1 y-1 ,y. 

in which x<y. This allows one to address index ranges 
within the sub-index number domain. Sequenced Index: 
One or more sub-indices contain a number sequence 
x/. , x 2 .'.... * n in which x 1 <x 2 <.;.<x n which evaluates to a 
55 time ordered sequence of sub-index values within the 
sub-index number domain. 

Iterated Index: One or more sub-indices contain an iter- 
ator. An iterator can be ah asterisk (*) that iterates over 
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the sub- index (si) entire ordered value range Min si . Min_ 

sj + J \ Max s ,-1. Max si . This allows one for example to 

address all days within a month, or all minutes within an 
hour, or all minutes within a day by using an hour and 
minute sub-index asterisk. The iterator can also be a 

symbolic name like Mon. Tue. Wed Sun for the day- 

of-month sub-index. This allows one to address all Fri- 
days within a month without the need to know their exact 
dates. 

Relative Index: One or more sub-indices contain a pos- 
itive or negative value denoting a relative sub-index val- 
ue. The offset is always evaluated relatively to the cur- 
rent value of the sub-index in time. This denotes a con- 
stant shift in time. A relative index allows one for exam- 
ple to publish objects with a 15-minute time delay by 
specifying a [:-15:] index. 

[0017] A numerical data item index can combine a . 
numbered, symbolic, ranged, sequenced, iterated, and 
relative index in any possible combination. The resulting 
index will either be precise or partial. A partial index in 
the present will evaluate to new index values over time. 
A ranged, sequenced or iterated index evaluates to a 
number of time ordered objects. In case of hypernumber 
objects this result is collectively called a hypernumber 
array.. 

[0018] From the above general explanation it will be 
understood that if. for example, the hypernumber UA 
has no time index, rendering the application object at a 
client 5.7 witl result in the last updated value being re- 
trieved from the hypernumber server 2. If a specified 
time index is added to. the hypernumber UA, the corre- 
sponding constant historic value of the numerical data 
item will be retrieved. 

[0019] Hypernumbers are not static. They remain 
passive when not used/rendered or during the value's 
life time. In addition hypernumbers can be made active 
by using sub-index defaults in the time index added to 
the UA. For example, the time index [:0:0] will instruct 
the hypernumber to update itself every hour at 0 sec- 
onds and 0 minutes. In this manner a dynamic hyper- 
number is obtained that refreshes itself at predeter- 
mined intervals. Further advantage of the use of such 
dynamic hypernumbers is that the publisher of the nu- 
merical data can balance the load on its hypernumber 
server 2 due to refresh requests by spreading out the 
requests over an interval range. This allows for up-to- 
date published content with predetermined refresh rates 
and load-balancing the requests resulting from this pub- 
lished content with dynamic hypernumbers. Further 
service providers can differentiate service levels for their 
clients by differentiating refresh rates or by using a time 
delay sub-index as described. 

[0020] Further, a time index provides the possibility to 
obtain an array of hypernumber values, for example to 
determine the trend over time and to apply statistical and 
correlation analysis between data. A hypernumber UA 
refers to an array of values by using any combination of 
a ranged, sequenced, or iterated index. 



[0021] It will be clear that the method described allows 
a client or server to add a time index to the UA to retrieve 
a desired single value or an array of values. 
[0022] In a further embodiment of the method de- 
5 scribed, a so-called type attribute is added to the hyper- 
number, wherein this type attribute provides type infor- 
mation on the hypernumber. Hypernumbers can be 
typed with basic types, arithmetic types, composite 
types, or overloaded types, typing the hypernumbers in 
w this manner provides the possibility to guarantee data 
integrity in large distributed computer networks. The fol- 
lowing type categories could be used for example: 
Basic Types: The type system allows representation of 
hypernumber types that relate to real life units such as 
15 for example currency, distance, temperature, time, 
quantity, or any other basic type unit. The hypernumber 
\ type can be chosen to be more or less abstract depend- 
ing on how much type checking the hypernumber pub- 
lisher aims to enforce. 
20 Arithmetic Types: The type system allows representa- 
tion of more complex arithmetic types that reflect arith- 
metic operations such as for example: area, volume, 
price per square meter, price including VAT. concentra- 
tion per volume, exchange rate of one currency to an- 
25 other, or any other type of formula-. During calculations 
arithmetic operations are type checked against the 
types of the operator's operands. In this way integrity of 
numeric calculations is greatly enhanced and enforced. 
The arithmetic operator obtains a new type that correctly 
30 reflects the result of its numeric operation. For example, 
it will become impossible to select a wrong exchange 
rate, to add two prices with and without VAT. or to wrong- 
ly add VAT twice to a hypernumber. 
Composite Types: The type system allows for type com- 
35 position that can be used to represent hypernumber 
types that are composed of multiple numeric sub-types, 
A standard composite precon figured type is the time in- 
dex (day/month/year hour:min:sec zone). Date and time 
are composite sub-types of time index. Composite types 
40 have a domain range associated with every sub-type. 
The predefined types respect the international calendar, 
time-zones; arid day light saving. Composite types 
come with arithmetic operations that correctly handle 
overflow within one sub-type and exporting the overflow 
45 carry to the next sub-type. For example: '10:59' of type 
'hourmiri' added to 'V of type 'min' evaluates correctly 
to '11:00'. Composite types allow arithmetic on any type 
of its sub-types. For example, one can either add min- 
utes or seconds to a composite type 'hourmin'. Besides 
50 the predefined types the hypernumber publishers can 
specify their own composite types. 
Overloaded Types: The type system allows for type 
overloading that can associate one hypernumber with 
multiple types. For every type the hypernumber has its 
55 own type-specific numeric value. Arithmetic operations 
or explicit type casts automatically select the appropri- 
ate type and obtain the "related numeric value. This al- 
lows hypernumber publishers to keep the hypernumber 
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name space clean and to rather diversify in type over- 
loading. For example: all USD exchange rates could be 
represented with one hypernumber overloaded with a 
multitude of types for the different cross-rates; this over- 
loaded type would combine the following arithmetic 
types USD/EUR, USD/YEN, USD/GBP. and more. 
[0023] Hypernumbers and their related calculations 
are defined in a so-called Hypernumber Dataflow Lan- 
guage (HNDL)^ HNDL is appropriately tagged and can 
be embedded in content of any textual or numeric ap- 
plication, be it a HTML, web page, spreadsheet, docu- 
ment, diary, schedule, database, or any other applica- 
tion category. 

[0024] HNDL is a data flow language in which data 
dependencies of calculations are expressed. It is not a 
statement orientated, sequential programming lan- 
guage. HNDL has been designed to construct a Direct- 
ed Acyclic Graph (DAG) that allows any arithmetic op- 
eration to be re-evaluated if and when one or more of 
its hypernumber operands is updated with : a new value. 
Jn this way arithmetic calculation are guaranteed to be 
and remain consistent, The DAG contains for every op- 
erand and every arithmetic operation a node. Direct op- 
erand dependencies are denoted by directed arcs from 
operand node to operator node. DAGs can be split be- 
tween multiple distinctive HNDL fragments. They are 
glued together by defining and. referring to so-called 
node labels. 

[0025] HNDL as data flow language allows straight- 
forward representation of a spreadsheets two-dimen- 
sional grid. This enables spreadsheet applications to ex- 
port spreadsheets as a mixture of HTML and HNDL to 
the WWW. Vice versa, the object orientated nature of, 
hypernumbers allows, drag-and-drop functionality from 
web page into spreadsheet cell. In this way hypernum- 
bers solve, the spreadsheet update ^problem once 
. spreadsheets get distributed over computer networks, 
[0026] ,\ Therefore, the use of hypernumbers ^provides 
the possibility to create, a spreadsheet or data base, for 
example^ wherein instead of. actual numerical r data. hy- 
pernumbers are. embedded, wherein the thus created 
spreadsheet or data base is translated into a. HTML doc- 
ument. with embedded.HNDL which can be published 
on the global computer network, corporate intranet or 
corporate- extranet. Any client rendering, the spread- 
sheet or.data base will automatically receive the up-to- 
date hypernumbers from tbe ■hypernumber server. 
[0027] ,The security of hypernumbers should be guar- 
, an teed as hypernumbers will be distributed through both 
paid subscriptions and public global computer networks 
like the World-Wide Web to a mass audience. Hyper- 
number privacy can be guaranteed by state-of-the-art 
encryption of hypernumber content. .The hypernumber 
name space can be chosen to remain either visible or 
invisible. Hypernumber publisher authenticity can be 
guaranteed through the inclusion of a. state-of-the-art 
digital signature uniquely identifying the publisher. The 
digital signature contains a watermark that can be used 



to communicate publisher brand and authenticity to the 
consumer in a visual manner. Hypernumber content cor- 
rectness is guaranteed by the inclusion of a state-of-the- 
art encrypted digital digest. This protects one against 

5 malicious or accidental content corruption during trans- 
portation over the computer network. 
[0028] Accuracy of hypernumbers is preferably 
achieved by adding a time stamp to each hypernumber 
with its time-of-birth and its associated lifetime. A proxy 

10 server caching the web content including hypernum- 
bers. can check the lifetime and automatically refresh 
the hypernumbers when necessary. 
[0029] The distribution and maintenance of hyper- 
" numbers over global computer networks like the Internet 

15 and the World Wide Web require the existence of a ded- 
icated Hypernumber Transmission Protocol identified 
as *hntp\ This protocol will be fully compatible and inter- 
operable with state-of-the-art World Wide Web proto- 
cols such as HTTP (Hypertext Transmission Protocol) 

20' and state-of-the-art Internet protocols like TCP/IP and 
IP-NG (TCP/IP Next Generation). 
[0030] As shown in fig. 1 a web page with the embed- 
ded hypernumber is cached at the proxy servers 3.4. 
Preferably the actual value will also be cached, so that 

25 when the web page is retrieved by a client 5 or 7, the 
actual value is available without the necessity to make 
a connection to the hypernumber server 2. 'The proxy 
servers 3,4 can retrieve a new actual value if the life time 
shows that the value has become stale. 

30 [0031] It is noted that network should be understood 
as any data distribution facility, including computer net- 
works and broadcasting or multicasting networks. Fur- 
ther it will be understood that the numerical data items 
addressed by the UA of the hypernumber can be tem- 

35 porarily or permanently cached in the client computer 
which thereby also acts as a server computer. 
[0032] The invention is not restricted to theabove de- 
scribed embodiments which can be varied in a number 
of ways within the scope of the claims. 

40 

Claims 

1. Method for publishing numerical data in a computer 
45 network, wherein a numerical data server offers a 

plurality of numerical data items which can be ob- 
tained through the network, characterized in that a 
unique address (UA) is assigned to each data item, 
said UA providing a hyperlink to the numerical data 
50 server, wherein the UA is distributed through the 

network. 

2. Method according to claim 1. wherein a time index 
is added to the UA. wherein the numerical data 

55 server provides trie numerical data' item value or 

values in accordance with the time index. 

3. Method according to claim 2, wherein the time index 
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includes sub-index indicating a refresh interval for 
the numerical data item. 

4. Method according to claim 2 or 3. wherein the time 
index includes a sub-index indicating a delay time. 

5. Method according to any one of the preceding 
claims, wherein a type attribute is added to the nu- 
merical data item or the UA, said type attribute pro- 
viding type information on the associated numerical 
data item. 

6. Method according to claim 5,-wherein one UA refers 
to a plurality of different related numerical data 
items, each data item having a different type at- 
tribute. 

7. Method according to any one of the preceding 
claims, wherein a life time is added to the data item, 
said life time indicating the life time during which the 
associated data item is up-to-date. 

8. Method according to any one of the preceding 
claims, wherein a time stamp is added to the. nu- 
merical data item, said time stamp indicating the 
rime of birth of the associated the numerical data 
item. 



wherein the numerical data item is refreshed after 
each expiry of the interval. 

14. Method according to any one of claims 10-13. 
wherein a time index is added to the UA. wherein 
the time index can be set to retrieve a predeter- 
mined single value or an array of values of the cor- 
responding numerical data item. 
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Method according to any one of claims 10-14, 
wherein a type attribute is added to each numerical 
data item and wherein the application object in- 
cludes at least one arithmetical operation on one or 
more of the numerical data items, wherein the type 
attribute of the numerical data item(s) involved is 
checked for mutual compliance and compliance 
with the arithmetic operation(s). 



9. Method according to any one of the preceding . 
claims, wherein an authentication is added to the 
numerical data item, said authentication being en- 
crypted, for example by means of a public key al- 
gorithm. 

10. Method for representing numerical data items in an 
application object, such as a web page, a docu- 
ment, a database, a spreadsheet or the like, in a 
computer which can be connected to a computer 
network, the network comprising a plurality of serv- 
ers and clients, at least one of the servers operating 
as a numerical data server, characterized in that a 
numerical data item is "represented by a hyperlink 
to a numerical data server, wherein a server or client 
is adapted to retrieve the associated numerical data 
item from the numerical data server through the net- 
work when using the application object. 
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11. Method according to claim 10. wherein the numer- 
ical data item is periodically downloaded from the 
numerical data server. 50 

12. Method according to claim 10. wherein the numer- 
ical data item includes a lifetime, wherein the server 
or client refreshes the numerical data item as soon 

as the life time has expired. 55 

13. Method according to claim 10. wherein a refresh in- 
terval is added to the numerical data item and 
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